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　　　　　　　　　　　　　　　　　　I　Introduction
　It is necessary for i 1real me?･ of the problem of ccoling uear the ground　surface　lo
know the vertical rlistribution of ie!゛peratute in the lo｀゛es(layer of the atmosphere “t
　nighl.　Many Ｆｏがe have !iiarle observations, but their measuring points of tempetature
were　cousiflerably liigh･　In this paper Uie staie of the vertical distribution of tempeト
alure near 怖e' gｒｏ皿d Sｕ゛face observed in the garden of Ihe Meleorological InsUlulion
of　the Science　Faculty　of　Kyoio　University at night from December 1950 to March
　　　¶扮51 excluding b“d Meal heらis reported.' The temperatures of various heigliis“?゛■iiifl
velocilies were recorder! by ゛ Takasu-lype^i^ recorder.　Night rarliaiioii was to be l!leasu゛erl,
but a3 there ^＼･slSn0 iivailable l!lethod, o?y lemperaUire皿d winrl velocity were observed｡
　　　　　　　　　Ｉ　Main points of ･observation and adjustment-
　(a) Main point? of observiilion　　　　　　　　　　　　　　　　.
　Place of the obscrbalion: The garden 0f the Mefeoro logical Inslilulion ot°the Science
Faculty, Kyoto University･
　Apparatus and !!rieiliorlof Ilie obse゛vation:　To　!neasure <empera(ures　Ihermo junctions
゛'ｍ?　used anrl　they　were arranged “t　six or five　poiuls　U0rler 30c『1 height.　Wind
velocity “t 50cm helght Mas nieasiircrl　by hot wire　auemoriTeier　“ｎｄ　at　20cm　height
　　　　　　゜　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1by“ SI!lall-sized Robinson anemometer. ＦＯ゛'｢ecording ゛ Takasu type six poinis-seぽ‘
recorrler ^vas　used, the teいperiilures “nrl Avinfl velocities being reco゛dec! photographically･
The recording d61!l l!゛de one rotation during ten hours.
　(b) . Main poinls of arrangement of Uie records.
　Ti me needed for one measiirenia?was aboni ten hours. This interval was rlivirlerl
into　spciions of 30 niinules　and　ranp-P3　and　means　of Ihe leinperalりres of the seciions
were read “nd analysed. The results gained by thﾀl!lelhorl are mentioned in ihc f ollowing
tributj
the la･
　　　　　　　　　　　Ⅲ　Results of observation
Value of tel!iperntnre for　every　30　1!linnies a「e　used lo show Ihe verlical dis-
of temperature t‘olf゛lift'ere?stales of ゛eather.　Temperature protile curves on
and (he bare place are discnssed separately･
＊　Ag-ic .jUぽa1 31ｔ･t.りf .lap. 1944.
　　　　　　　　　　　　　（1j）
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A. Observations oil I he lawn.　　　　　　　　　　　　　　　　　J
　The heightダof llie grass ^vas　about　6 cm.
　（！) Examples ･on clear antl calm､uio-hls.
　(a) A type in M'llicllthe ininluiu temperature appears at the middle of 、(he grass
height.
Jai!. 22-23,　27-28ﾀ　29-30 and Feb. 1’馬　17-18 beloncr (0　ihis　type.　The　example　of
Jail. 29‘30:　Tlie　lieig-lits　of　the measuring points were ’Oj 十〇馬87 30cm d:）oｖｅthe
gronad .s°rface.　Mi nilnilin ie叫答ra (u re appea red “t 3cl!l height showing -5.5C'C at the
dawn.　Between 3ciu and 30cm teniperalure inversion aboul: L5～3.5OC conUnued all
　　　　　　　　　　　　　　　　　　　　　　　　　　卜　　　　　　　　　.　　　　●liiglit. This menus tlie cooling surface moved from the gronncl surface t０ (he middle
高大 2h　211;!りm　3h　aii30iu　4h　41ぶりm　5h　5h3りm　6h 6hi!jm 7h
30ci'i range
ijie:iu、
1,4
0,4
1;5
0,0
　2,4
－1,0
　1,9
-1,5
　2,0
-2.0
　　2,3
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　　2,4
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　2,6
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　　２,６
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　２,０
-0,4
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-4.0
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―4.5
　2,7
－5,0
　　2,0
-5.5
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　2;5
-5.5
＋0 r:mge
1110:111
　0,2
1,0
1,1
0,5
　０,９
-0.8
　0,6
-1,5
　0,5
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　0,3
―2.0
　0,3
-2.2
　0,3
-2,4
　0,2
－2,2
　　0.3
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　０,２
-2.4
－0 ranj^e
me.m
0,1
1,7
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1,4
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0,0
0,2
0,0
0,0
0,0
　0,2
・0,0
Tiible, 1 J叫l.　29-30
of　llie　grass　lieiglit.　The　range　of　tel!iperadire Ｗ“S the largest at 8cm height, ･about
4OC and this tendency was Seen in ilie r0110゛･ing examples.　（Fig. 17 Tablel)
（b）Ａ (ype i!ｙ､､･liiclitlie max-
imilin temperatur appears “1 Ihe 30
miflclle.6f 山e grass-height･・
This type ａ叩ｅａｒｅｄonly ouoe on
Feb. 26-27...ご-it　wascalm. from
２３　o'clock　to　next7 inaxinuini
.temperature　appeared ’ａt　3cuI
lieiglitill the gはss and minimum
lemperaiure at　十〇cm.　　　　・
十〇cm means　ａ　jiiuclioa　CO at a-
cling the groimd surface iJ:l tlie
air, and　-Ocin means one 11rider
the grouiu] surface.
８
ｊ
０
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　Fig.1.
３ 2
J:in, 29―30
０
011 :lie Verticil Distribution of Toiiipeniture i!l tlieLowest Layer of the Atii!osphcre　　　　２１
０ｎ;t Wi塙町（ヽdIjawn and‘on ，1R:irn Ground ilt Night in Winter　(H. Uetii)
　Tins profile is inverse to the fon〕terone.　It is physically rliffici!11to explain ^゛hal
profluceclihis type and why this unstに)ieSt“leｃｏ?iaiied゛ 11 night.　Temperature began
to rise rapidly after 23 o'clock and l!laximuin tel!iperaiu!'ｅ4OC ･appeared“t･ 3cm heigbl･
The. change of the tempjrature above 3cm height ^＼"asconspicuous.　Its cause is unknown
bｕ占卜may be said from (he record of wincl　thai Ihe rise of iemperatiire　ｗａ･S　uol　cine
1o ｗ]!ld･　(Fig. 2)
　(2) Examples jl! cloudy 自d c“b!l　nights.　Verticaldisiri-
　　　but ion of iemperalure !s analogous 10 Ihat of (1) >
　　　(a) .　Dec. 20‘21j 1950, belongs 10 this type.
　1t began (o ｎｍｌに3out Sli20m.　MJjiiinnm　iemperatnre, 2
0ｒ 3OC, appeared “t 3cin height and J!ｌ゛imiii巧3ヽＯ!L- 40c,
at　-0cm･　. Above　the　heiglil　of　the　grass　the　ｃｈｍｇｅ of
(emperaliire with lieiglit M'aS small compared to that oil dear
njghls･(Fig. 3, Table 2)・
こぶぐﾔ二戸h　　　■alh　　　　Ih ■ 2h　　　　　3h
21 cm r､in g<-
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0,1
2,8
0,1
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0,1
3,0
0,1
3,0
0,1
3,1
0,1
3,1
　0,1
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0,1
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　(3) Examples on M'inrly nigl小．’
　　　　　　　　　　　　　　　　　　　　　　　　　り(a) A type in wliich maxmum　tel!ipsratiirc appears 11t the ground surface.　Jan. 29“30
　　叫ld Jan. 21-22 belong to this type.
　On Jan.　29-SO　it　廠ls　generally　calm　but “bout 23h 40m it began to blow for“
゛liile
’゛ ml velocity
of about　l msec.-l Comparing the lejnperature rlnring the calm
30 !!linuiesfrom 23h t０2Sh30j卜　柚lh Ihal during Ihe ゛indy 30 minutes from 24h 10
　　　　　fOh 30m, Hie temperature in Ibe laiier case rose in Uie lower aimospliere. Il rose about
1.２０Ｃabove the grass and maxi°゛”1 increase of temperature ｗ“S“ト3cl!l height in, Ihe
grass showing 2.4OC･This sboM'S thai (he 1!pper ゛’゛l!lerair inii!lerged iulo llie grass
　　　　　　　　　　　　　　　　　　　　　　　（3）
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and affected the layer of minimum temperature･
　(b)Ａ type in which minimum teniperalure appears at
　　　(he ground surface.
　Jan.　23-24. It was cloudy aiiclthere was no frost ill (he
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1morning. Minimum lemperature appeared at (he ground・
surface Sho゛ing about IOC 叩d SI!lall tel!iperadireうnversion
ｗ“SSeen up to the heiglitof　the　grass　and　there was　no
change of (einperatiire with　lieiglilabove it.　This state coil-
tinued all niglii･　(Fig. 4j Table 3)
こふぶlヘゼこごり3h　　　　24h　　　　　lh　　　　　　2h　　　　　.3h　　　　4h
30ci.･ r:in£!O
lnO:1n
0,3
1,9
0,6
1,9
0.6
1,7
0,6
1,7
0,7
1,9
0,6
1,7
0,7
1,7
0,8
1,6
　0,7
･ 1.9
0,7
2,0
21 range
mean
0,5
1,9
0,2
2,0
0,4
1,8
0,4
1,8
0,4
1,8
0,5
1,8
0,6
117
0,8
1,6
0,7
1,9
o･,9
2,0
８ range
me､in
0,8
1.8
0,6
1,9
0,8
1,8
0,8
1,8
0,8
1,8
0,9
1,8
,1･2
　1,6
1,2
1,6
0,9
1,8
1,1
2,0
３ range
iiie:in
0,5
1,4
0,5
1,5
0,5
1,3
0,6
1,3
0,7
1,4
0,7
1,4
1,0
1,1
.0.7
１,０
0,7
1.4
0,8
1,4
十〇 rimge
Tnoan
0,1
1,0
0,0
1,0
0,0
0,9
0,1
1,0
0,0
1,0
０,０!　０,０
1.0　１０
0,0
1,0
0,0
1,0
0,0
1,0
－0 raiigi･
me:in
0,0
0,8
0,0
n,8
0,0
0,8
o.ol　0,0
0.8　0,8
0,0
0,8
1,0
0,8
0,0
0,8
0,0
0,8
0,0
0,8
wind
velocit',
】11 /
　/S 1,5 1,2 0,9 0,9 0,7 0,6 0,1 0,4 0,5 0,7
Table, 3 J:i>>.23-24
D;ite Time Ainonntof cloud
y2ごr of
Ar';iclts
Mlir
２ 22h ０ - none
３ 6h １ C1 F'rost
Fob
22 22h ０ - littleclow
23 6l≫ 10 Sc.Ns littleclow
Fob
23 22h 10 As littledew
24 6h 10 Nf. Uttlodew
Tablo4b, We.it IlOr of the days wilou observations
were m:idc on tllO baro 叶ｏlｍd
3ぐ
21
８
???
２
１
３
Jk23.23(2メ3(「
JDatc ■ Time
Amonn';
of c?oud
Form ot
c】oud
Articles.
J皿
29 ・ 22I≫ ３ Ac 出ｔｅ den'
30 6h ０ None lnucli frost
Fob
26 22h ０ so little frost
27 6h 10 N3 sc littlesnow
littlefrost
Dec
20 22h 10 so, AC clew.･li',tlefrost
21 611 フ･　10 NS Prccipiluli-
On 2nnii
Jan
23 ・22h 10 AC, AS no frost
24 ・　6h 10 ＡＳ,瓦S no frost
　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ｔａｂ!e41、Ｗｅ.､tlier of tllO days w hon obscrvutidns
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　were made on the I:iwn
Ｂ. Observations on ａ ｂ匹e grouiul.　　　　　　　　　　¨
　As there was no bare ground' so 屑de lliat it was noi affeolerl　by (lie surroundings, a
　　　　　　　　　　　　　　　　　　　　　　　　(4j)
On the VerUc:d IJ)is'･rib'i'ionof Tempqr:iture in the Lowest ljii"yGrりfthe A'mosphere
on ａ Withered Lawn and on ａＢ;･le･Ground at Kight in Winior　(H. UctM) ,
23
square naked place of ｇ square met res　゛｀smade ill the l゛゛11specially　“d 8 point of
observation was selectedin tlie mjcldle of 5t.The poini was about fi%-e metres away from
the observation point in the lawn･
　(1) Examples on clh!l niglits.
(a) A type in wlijcli (he rate of leinperat u re-decrease
appeared on clear and Calm nights.　From Mar. 2ncl。
22h lo next 3h　wind veloc.'ty was　great but after
5b it became cali町“nd　so oaly the record　during ／
the calm hours is mentio!＼eA　here･　（1でig- 57 Table　・
3) Temperature at -Oci!l　and in I he　lower atinos‘
pheric layers fell rapidly? Ｕ゛t“t十〇cm　excepted.
This tendency developed afte!7　lh30m　when　wiiirl
6peerl began to decrease and wafs most remarkable at
the dawji. This sｏｒトof profile curve was also seen
on Mar. 1-2.
　(b) A lype in which minimum tern-
　　　perature appears　near ＼be surface　cm
　　　ぱtbe grou!arl.　　　　　　　　　　　゛25
　Feb. 22‘23 and Feb. 26-27 b?OUg io　’
Ihjs type ““d both nighls were cloucly
all along.　　Analysis　cf the record ot’
Feb. 22‘23:　Mi nil!lum temperature
appeared “t 3 cm　lieigbt and l:naxinuim . 10
temperature at -0cm. Their difference
ｗ“S small, ・bout １０Ｃ･(Fig.6)
　（Ｃ）Ａ type ｉ“゛iiicliminimi!111 tel!lpe‘　2
　　　rature appears “t ocl!1，under tlie
　　　groujid surface･　　　　　　　　　，.
３
｛???
smallesi at 十〇icm. This
≒匹ご -til　　　　　5h　　　　　6h
2501.1 r､lllgO
1110･1n
　1,5
－¶,8
　1,7
-2.2
　　2,8
－3,0
　１,１
-3,2
10 r:inge
me:m
　2,1
-2.2
　2,5
-2,4 ぷぷ
２ range
lllO:m
　　１,１
-一一２,１
　　1,9
-2,5
　2,0
-3,4
　2,2
-3.6
＋0 r.mgc.
mean
　0.6!　0,3
-0,3 -0.3
　0,5
-0,4
　０,５
-0.5
－0 r;inge
mean
　0,5
-2,3
　0,3
-2.7
　　0,6
-3.0
　0,6
-3.2
'r;lblc,5,　Mur,3
Ｔｍ‾ｏ．翁　2°c
Fig.5.　Mar　　2-3
　　Feb. 23-24 belongs to Uiis type.　Ｆ「OJ」1 23h30t」1 011 Feb. 23 1o the ｡ next morning it
was　ｃ“lﾘ１“ｏｄ ｄｏ叫y.　Minimum teinperaUire, 5. 5. ～6.5°C, appeared “t “Oc!!1 and
こ証ヽヤe 20h　　　　22h　　　　23h　　　　24h
25ci≫
rango
ｎｌｅ､１ｎ
1,4
1,8
1,0
1,6
1,0
1,2
1,4
0,8
1,1
0,5
1.1
0,5
10
ｒ：mge
mean
1,2
1,6
1,0
1,4
１,３
１,(〕
1,8
0,5
1,6
0,3
1,2
0,2
２ r:ingo
m&n
■
0,9
　　　1,5
1,0
1,3
1,0
0,7
1,4
　0,3
　0,8
-0.3
　０,９
べ),２
（52）
tel!iperature hardly changed wHh height
above　3cni.　II is ａ　characteristic　of ・
cloudy ’nights that tel!iperature change
with height is sｍ“Ｕ･　(Fig. 7）
　(2) Example on windy night･
　Wind Velocity oia Mar. 2, 21h was
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十〇 r iHK･
liicim
n,5
1,5
0,6
1,0
0,4
0,6
0,5
0,2
　０,３
べ),２
　0,5
→,1
－0 r:llign
lrlOin
0,5
0,8
0,6
0,5
　　0,3
-0.2
　1,0
-1,0
　0,3
－1,5
　0,2
-1.7
WlTUl v.
nlo<!ity
ｙ 2,9 3,9 4,2 4,0 3,3 2,5
C叫
紅
　　　　　　　　　　Xale.fi,　　M(ir.2
about　3～4　msec-]. Mini mum　tel!iperalure　apfjearcrl　ａt･
-0cm　and (here was no change of iempeりt゛e wHh heiglit.　１５
The maximum range M'as seen　at　lOcrn　lieiglit　sliowing
J～２ｏ　ａ叫l　Ihat　on　calm　hours cluring'fl!eSame nighls
also occurred a1 (he Same　Iieia'hi sliowii!g 3oC･　（Fig. 5）
This profile curve is aualowuiis 1o B･（t）7（ｃ）’.
Ｃ.　The relalio!l bet゛'een　temperature “t 8cl!l lieighi　叫d
　　wind velocity ３t’50c I!l height.
　D is thought tliai ^゛lienit bloAvs the 1!jr in Ilie ｌｏ゛’ぼ
layers is ぽfected by　that of (lie　UppC!’I町ぼｓ．　Ｎｏｗ珀
ｏ祠ｅ゛io il!゛esljgale th（い･elai on on “ I゛・ “ graplにvas　3C
made･　(Fig.　8）’　The　orclinale　sllt)AVS　the　diffe!rence
at　8cm height　（jｕst above ihe llie grass)　be^^＼■een　I he
leinpやratures　on　M'Jncly　and　calm nights　close ･ together.
The abscissa shows the differeace between (he temperature
“t 30cm lieight and 8cni beighl ｀゛hen it was ci山ni. TI!e　l5
wind Velocities were read from (he record of Ihe hot wire-
??????????????
????―
?????
C叫
　’2　　　3
Fig.6. Fob. 22-3:?
Fig.7. Feb.24, 5h30in-6h
aiie”101!leierancl jnvestigafed at 0.5
２
-○-ｏ-
¬χ－ －χ-
3　　4　　　5　　0C
w/iiidv/e^ocitN at 0.5 ?ytぷ乙″
ｗi゛1‘4吻みぴり吐11?t MC'I
　　　　　　　　　　(6、)
msec-1　and .1.0　msec-1.・　　　The
graph shows that ihe Corresponding
Values reprepresenterl in the orriinate
aurl Ihe abscissa are proportjo皿(e.
The　proporiioaal　constants　vary
wj(h wind velocities.
On the Vertical Distribがion of Teinpor:ituroin thciLowes*. Layer of the Atmosphere
on ａ Withered Luwn and ou ａ Bare Gron!id !ltNiillitin Winter　(H. Uetii)
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　　　　　　　　　　　　　　　　IY　　Summary
(1) The observation was made in the !owest atmospheric　layer　nnder　30cm, ･al njghts
　　in　winter ・Ｏμ　ａ　withered　lawii and on ａ bare ground and several lypes of Vertical
　　distribution of lemperature were found and elapse ひf iemperature cbange was found.
(2) When it is call!1ドchange of temperalnre with height is smaller on cloudy than on
　　clear niglil･
(3) The range of temperature is max jmum direcily above the　g゛ss “nd　it　is　smaller
　　on windy uight than 011 calm night.
The theoretical cousidel-atiouof this observaUou will be made next ti me.
The writer woiilcllike lo thank Dr. Ｔ. Ｎ“゜ekawa, Professor of Kyoto‘ UI!iversitvﾀ皿d
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